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ABSTRACT 24 
The objective of this study was to determine the prevalence and types of infections in 25 
perinatal mortality (PM) cases from Polish dairy farms and the relevance of the presence of 26 
infection to the cause of death. This prospective longitudinal study was carried out on 121 PM 27 
and 21 control calves with a gestation of ≥260 days. Six control calves were euthanized and 28 
examined using the same protocol as for PM calves. Material was collected over a 20-month 29 
period between November 2013 and June 2015. The PM and control calves were collected 30 
from 29 and 5 herds, respectively.  31 
Blood samples from calves were tested for antibodies to Neospora caninum, glycoprotein B 32 
of BoHV-1, BVDV and SBV using ELISAs and Leptospira hardjo and Leptospira pomona 33 
with the microscopic agglutination test. Brain and kidney samples from all PM and six 34 
euthanized control calves were tested using real time PCR to detect Neospora caninum, 35 
pathogenic Leptospira spp., BoHV-1 and SBV; brain was examined histopathologically for 36 
detection of N. caninum cysts. Samples from eight inner organs from all PM and six control 37 
calves were cultured aerobically, anaerobically and microaerobically. Ear samples from all 38 
PM and control calves were tested for BVDV using an antigen ELISA.  39 
In total, 21.5% of PM calves were infected (antigen and/or antibody-positive) in utero; none 40 
of the control calves were infected. Direct evidence of infection (culture, Ag-ELISA, PCR, 41 
histopathology) was detected in 9.1% of PM calves. Gestation length in infected singletons 42 
was shorter than in uninfected singletons (274±8 vs. 279±7 days; P<0.01). The odds ratio for 43 
diagnosis of infection in single pregnancies ≤275 days was 3.75 (95% CI:1.2-12.1),  (P<0.05). 44 
Infection was the cause of death in 10% of calves. The most common infections detected in 45 
these Polish PM calves were parasitic (11.6% of PM cases), viral (7.4%) and bacterial (5%). 46 
This study demonstrated that indirect evidence of infection is detected more frequently than 47 
direct, coinfection is rare, infection is rarely accompanied by gross lesions and is rarely a 48 
cause of death in cases of PM. 49 
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1. Introduction  53 
Perinatal mortality (PM) has a detrimental effect on cow health, survival, reproductive 54 
performance and milk production [1, 2]. Perinatal mortality may be defined as calf death at 55 
full-term (≥260 days), prior to or during, or within 12-48h of parturition [3, 4]. There is wide 56 
variation in the incidence of PM by farm [2]. In Poland the mean PM rate was 8.1 and 4.8% in 57 
first and later calvings, respectively [5]. Important risk factors for PM include age at first 58 
calving [6], breed of dam, breeding method, calving management, feto-maternal health status, 59 
length of gestation [7], gestational nutrition, calf sex and sire [4].  60 
The causes of death in PM are multifactorial and include non-infectious and infectious causes. 61 
The major causes of bovine PM, based on necropsy studies, are dystocia and anoxia and to a 62 
lesser extent, infections and congenital defects [8]. Compared to abortion (birth of a non-63 
independently viable fetus pre-term), infection is a less common cause of death in PM calves 64 
accounting for 3 to 12% of cases [8]. 65 
Numerous infectious agents have been detected in cases of bovine PM including; Salmonella 66 
Dublin, E. coli, Aeromonas, Proteus, Streptococcus, Staphylococcus, Neisseria, Absidia, 67 
Acinetobacter species [9], Corynebacterium pyogenes, Leptospira species [9, 10], Bacillus 68 
licheniformis, Mannheimia varigena [11], Listeria spp., Neospora caninum [12], Salmonella 69 
Stanley [13], Coxiella burnetii [12,14], Brucella abortus, Aspergillus spp., Campylobacter 70 
spp., Trichomonas foetus [15], bovine viral diarrhea virus (BVDV) [17, 18], 71 
orthobunyaviruses including the recently emerged Schmallenberg virus (SBV) [16] and 72 
bovine herpes virus 1 and 4 (BoHV-1, BoHV-4) [17, 18]. It is recognized that some of these 73 
isolates are probably contaminants (e.g. Proteus), while others are probably secondary 74 
opportunistic infections (e.g. Streptococcus). Although there are many reports investigating 75 
infection in abortion cases, few focus on involvement of infectious agents in PM cases and in 76 
some cases results for aborted and PM calves are combined [18-20].  77 
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There is no information about the prevalence of infectious agents in PM calves in Poland. 78 
Therefore the objective of this study was to examine PM cases from Polish dairy farms to 79 
detect direct and indirect evidence of infections and the relevance of the presence of infection 80 
to the cause of death. A secondary objective was to compare findings in PM cases with new-81 
born live calves.  82 
 83 
2. Material and methods 84 
The study design was approved by the II Local Ethics Commission in the Wroclaw University 85 
of Environmental and Life Sciences (permission no. 23/2012, 58/2014, 60/2014). 86 
 87 
2.1. Calves  88 
 This prospective study was carried out on 121 perinatal mortalities (PM) and 21 89 
control calves (C). Material was collected over a 20-month period between November 2013 90 
and June 2015. None of the calves received colostrum. 91 
Perinatal mortalities were defined as calves born following a gestation of ≥260 days 92 
which died before, during or within 6 hours after birth (a case definition of death within 24 93 
hours was planned but no calves died between 6 and 24 hours after birth). These calves were 94 
either Holstein-Friesian (n=113) or Holstein-Friesian crossbreds (Simmental, Jersey, 95 
Limousine, Brown Swiss sires; n=8).  96 
Control calf inclusion criteria were: gestation length ≥260 days, singleton calving, and 97 
Holstein-Friesian breed. All C calves (6 females and 15 males) were born after assisted 98 
calvings (6 calves without and 15 with a calving jack). From this group six male C calves 99 
(selected on the basis that owners agreed to sell the newborn male calf) were euthanized 100 
between 1.30 and 8.30 hours after birth. They were premedicated with 1 ml (20 mg) xylazine 101 
(Sedazin®, Biowet Pulawy) and 1 ml (100 mg) ketamine (Bioketan®, Vetoquinol) IV and 102 
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then euthanized with a mixture of pentobarbital and pentobarbital sodium, 160 mg/ml 103 
(Morbital®, Biovet Pulawy) IV at a dose of 48-96 mg/kg bw.  104 
 105 
2.2. Herds 106 
The study was conducted in 30 herds in the south-west of Poland. Herds were recruited as a 107 
convenience sample located within 2.5 hour one-way driving distance from the University.  108 
Each farmer was provided with a mobile phone number to call the three veterinarians who 109 
collected the material on all days and times (day and night) as soon after calf death as 110 
possible. Information on the farm management, herd records and details of the calving 111 
associated with the calf were collected at farm visits. These data included information about 112 
the herd (number of lactating cows, milk yield in the previous lactation, intercalving period, 113 
vaccination program), cow – (date of the last service), and calving (single or twin/triplets). 114 
The degree of calving assistance was recorded in seven categories (supplied to the farmers): 115 
unobserved, observed but not assisted, normal assisted calving without calving jack, normal 116 
assisted calving with calving jack, difficult calving with calving jack, difficult calving without 117 
calving jack (assistance by at least three people and/or a veterinarian) and caesarean 118 
section.The median herd size was 73 (range 1-1037 cows/herd) and the mean (SD) inter-119 
calving period and previous lactation milk yield was 415 (38) days and 8884 (1442) 120 
kg/cow/305 DIM, respectively. Fifteen herds were vaccinated in 2013-2015; against BVD 121 
alone (n=7), BoHV-1 alone (n=4) or against BVD and BoHV-1 (n=4). PM and C calves were 122 
collected from 29 and 5 herds, respectively. Between 1 and 35 cases of PM and between 2 and 123 
7 cases of C calves were investigated per herd.  124 
 125 
2.3. Necropsy and laboratory examinations 126 
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Necropsies were performed by the same three veterinarians, at least two of which were 127 
present at the same time in the necropsy laboratory at the University of Environmental and 128 
Life Sciences, Wroclaw. All carcasses (PM and six C calves) were subjected to systematic 129 
external and internal gross examinations and sampling according to the same project-specific 130 
protocol. 131 
 132 
2.3.1. Samples 133 
Samples from an ear, blood, abomasal contents and eight internal organ tissues (spleen, liver, 134 
lung, small intestine, left kidney, left adrenal gland, heart, brain) were collected from 121 PM 135 
calves. From C calves ear and blood samples were collected from 21 cases. Abomasal 136 
contents and eight internal organs (the same as in PM cases) were collected from 6 euthanized 137 
calves. For each calf a sterilized set of surgical instruments was used and during necropsy 138 
ethanol and flame sterilization was performed. Abomasal fluid was collected (by 139 
abomasocentesis) immediately after opening the abdominal cavity with a sterile needle and 140 
syringe. 141 
 142 
2.3.1.1. Ear samples 143 
Ear biopsies were collected using an ear notcher and individually tested for bovine virus 144 
diarrhoea virus (BVDV) using an antigen ELISA (IDEXX BVDV Ag/Serum Plus Test, 145 
Hoofddorp, The Netherlands) by the  veterinary laboratory Vetlab LP, Wroclaw, Poland. 146 
The result was regarded as negative when the optical density (OD) sample minus negative (S-147 
N) value was ≤0.2, suspect >0.2 and <0.3 and positive when OD >0.3. 148 
 149 
2.3.1.2. Blood samples 150 
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Blood from a jugular vein was aseptically collected by syringe and immediately dispensed 151 
into 5 ml lithium heparinized tubes (MEUS Srl®, Piove di Sacco, Italy, 18648), centrifuged 152 
(14 minutes; 1860×g), and plasma samples were aliquoted and frozen at -80oC until analysed. 153 
Plasma samples were tested for antibodies to Neospora caninum, glycoprotein B of BoHV-1 154 
and BVDV using the IDEXX Neospora Ab Test, IDEXX IBR gB X3 Ab Test and IDEXX 155 
BVDV Total Ab Test (Hoofddorp, The Netherlands), respectively, at the veterinary 156 
diagnostic laboratory (Weterynaryjna Diagnostyka Laboratoryjna, Gietrzwald, Poland). The 157 
sample was classified as seropositive for Neospora caninum when the OD S/P was ≥0.5. For 158 
the BoHV-1 ELISA, the blocking % was calculated and samples with blocking values <45% 159 
were regarded as negative; values between 45–55% were inconclusive and values >55% were 160 
regarded as positive. In the BVDV Ab ELISA, samples with S/P OD values <0.2 were 161 
classified as negative, 0.2 to <0.3 as inconclusive and ≥0.3 as positive. 162 
Plasma was tested for antibodies to SBV using the Serological ID Screen Schmallenberg 163 
Virus Competition Multi-Species ELISA (ID-vet, Grabels, France) at the National Veterinary 164 
Research Institute (Puławy, Poland). ELISA S/P values <40% were regarded as negative; 165 
values between 40–50% were inconclusive and values >50% were regarded as positive. 166 
Plasma was tested also for antibodies to Leptospira hardjo and Leptospira pomona using live 167 
strains of L. hardjo and L. pomona in the microscopic agglutination test at the veterinary 168 
diagnostic laboratory (Weterynaryjna Diagnostyka Laboratoryjna, Gietrzwald, Poland) 169 
according to the Instruction of the Polish Chief Veterinary Officer [21]. Plasma samples were 170 
tested at an initial dilution of 1:50. On a microscopic slide, equal volumes of plasma were 171 
incubated with one of the serovars in a humid chamber at 29±1° C for 2 hours. The results 172 
were evaluated using dark-field microscopy. 173 
Poland has ‘Brucellosis-free’ status according to EU regulations [22], therefore samples were 174 
not examined for Brucella spp. 175 
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 176 
2.3.1.3. Culture of abomasal and organs samples 177 
Samples were cultured aerobically at 37° C; for routine culture: Columbia Agar with 5% 178 
Sheep Blood (Graso, Poland), MacConkey Agar with crystal violet (Graso, Poland); for 179 
Salmonella spp. culture: buffered peptone water (Graso, Poland), Rappaport-Vassilidasis 180 
broth (Graso, Poland) Agar XLD/SS (Graso, Poland) and for anaerobic and microaerobic 181 
culture: Columbia Agar with 5% Sheep Blood (Graso, Poland), Schaedler Broth + wit K3 182 
(Graso, Poland) with Atmospheric generators GENbag anaer (Biomerieux, Marcy-l'Étoile, 183 
France) and GENbag microaer (Biomerieux, Marcy-l'Étoile, France). Culture results were 184 
considered positive when pure growth of the same bacterium was detected from all eight inner 185 
organs and the abomasum.  186 
 187 
2.3.1.4. Molecular detection of pathogens 188 
Samples of internal organs were tested using real time PCR to detect Neospora caninum, 189 
pathogenic Leptospira spp., BoHV-1 and SBV. Sections of left midbrain cortex were tested 190 
for Neospora caninum using the Adiavet™ Neospora Real Time (Adiagene, Saint-Brieuc - 191 
France). For SBV detection brain RNA extraction was carried out using TRI reagent and real-192 
time RT-PCR with bovine β-actin internal control [23]. Sections of left kidney were tested 193 
using the Adiavet™ Lepto Realtime (Adiagene, Saint-Brieuc - France) in LABOklin GmbH 194 
& Co, Bad Kissingen Germany and sections of liver were tested using the Vetmax BHV-1 195 
(Applied Biosystems, Foster City, USA) in the LUFA-Nord West, Institute for Animal Health 196 
(Oldenburg, Germany). 197 
In all calves where the plasma was positive to either L. hardjo and/or L. pomona or N. 198 
caninum or where N. caninum cysts were observed in brain, additional TaqMan real time PCR 199 
testing was performed separately in each of four sections of the kidney and brain samples, 200 
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respectively, in LABOklin GmbH, Bad Kissingen Germany. Detection of Leptospira sp. was 201 
carried out according to Stoddard et al., [24] and N. caninum according to Pereira et al., [25]. 202 
 203 
2.3.1.5. Histopathology 204 
The right half of the brain was sliced into 3 parts and fixed with 4% buffered formaldehyde 205 
(Chempur, Piekary Śląskie, Poland). Following fixation the brain was dissected into five 206 
slabs: 1st cut - optic chiasm, frontal cortex, lower temporal cortex, the front part of lateral 207 
ventricle, corpus striatum and olfactory triangle; 2nd cut - in the proximity of gray tuberculum 208 
and infundibulum hypophysis, through fronto-parietal cortex, temporal cortex, corpus 209 
amygdaloideum, lateral ventricles, III ventricle, thalamus and hypothalamus to the proximal 210 
part of hippocampus; 3rd cut -from the oculomotor nerve, through parietal cortex, temporal 211 
cortex, rostral lamina, brain stem, body of the corpus callosum and through hippocampus; 4th 212 
cut -from the trapezoid body, through the cerebellar vermis, IV ventricle, trapezoid body and 213 
pyramid; 5th cut -near the obex, through the medulla oblongata. Brain sections were 214 
embedded in paraffin, cut into 4-7µm slabs and stained with H-E (Hematoxylin H3136 215 
Sigma-Aldrich, Eosin Y 230251 Sigma-Aldrich). A diagnosis of N. caninum infection was 216 
based on the observation of N. caninum cysts in any brain section. The size of the cyst and the 217 
thickness of the cyst wall were measured with a Zeiss Axioskop 50 microscope using 218 
ImageView x86 software. 219 
The criteria used to diagnose infection as a cause of death were: culture of a significant 220 
pathogen in pure or nearly pure growth from the foetus, and/or detection of gross/histological 221 
lesions of infection in the fetus and/or detection of antibodies to significant pathogens in the 222 
fetus where other causes of death were excluded [26]. Cases of co-mortality where infection 223 
could have contributed to, but was not the only cause of, death, were excluded. 224 
 225 
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2.4. Statistical analysis 226 
The gestation length of singleton PM cases with and without any diagnosis of infection was 227 
compared using the student T-test and the odds ratio (OR) for diagnosis of infection in single 228 
pregnancies ≤275 days were calculated in STATISTICA 12.5. 229 
 230 
3. Results 231 
 232 
3.1. Perinatal mortalities 233 
All necropsies of PM calves were performed within 8±3h after calving. The results of 234 
pathogen identification from the PM calves are shown in Table 1. Fifty per cent of herds and 235 
14.9% of calves showed evidence of exposure to infection (antibody-positive). Direct 236 
evidence of infection (culture, Ag-ELISA, PCR, histopathology) was detected in 9.1% of PM 237 
calves. In 13 abomasal samples bacteria were cultured; seven cases of E.coli, four cases of 238 
mixed growth with E.coli, one Staphylococcus coagulase negative and one Enterococcus 239 
faecalis. In only two of these cases was the same bacterium (E. coli and E. faecalis) cultured 240 
from all other inner organs.   241 
In total, 21.5% of calves were infected (antigen and/or antibody-positive) in utero. Only two 242 
infected calves had gross lesions probably associated with infection; one had intra-uterine 243 
growth retardation (IUGR), (7.7 kg, L. hardjo Ab-positive, single calf) and one had 244 
incomplete ossification of the hard palate (SBV Ab-positive).  245 
Coinfection was detected in four calves; one calf was positive for  bacterial culture (E. 246 
faecalis) and had N. caninum cysts in the brain; one calf was positive for  L.hardjo 1:400 and 247 
L.pomona 1:200 Ab; one calf was positive for  N. caninum cysts in the brain and SBV Ab; 248 
and one calf was positive for  N. caninum cysts in the brain and BVDV Ab (Table 1).  249 
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The range in the size of the N. caninum cysts found in the brain was 13.9-31 x 15-32.6 µm 250 
with a wall thickness of 0.9-2.1 µm.  The percentage of calves infected with N. caninum is 251 
shown in Table 1.  252 
Eight and seven herds with and without infection in stillborn calves, respectively, had been 253 
vaccinated against BVD and/or BoHV-1. The degree of calving assistance in calves with and 254 
without diagnosed infection is shown in Table 2. Dystocia was recorded in approximately 40 255 
and 50% of calves with, and without, infection, respectively. 256 
Mean ± SD gestation length was numerically longer for singletons (278±7 days) compared to 257 
twins/triplets (271±5 days). Gestation length in infected singletons was shorter than in 258 
uninfected singletons (274±8 vs. 279±7 days; P<0.01). The OR for diagnosis of infection in 259 
single pregnancies ≤ 275 days was 3.75 (95% CI:1.2-12.1), (P<0.05).  260 
 261 
3.2. Control calves 262 
Necropsies of control calves were performed within 6±3h after calving and within 2h±40 263 
minutes after death. Mean pregnancy length ± SD was 279±4 days. No pathogens were 264 
detected by culture (except two abomasal samples in which E. coli was isolated) or by PCR 265 
from the six euthanized control calves. Pathogen-specific antibodies or BVDV antigen were 266 
not detected in any of the 21 control calves.  267 
 268 
4. Discussion  269 
The results of this study show that approximately 21% of PM calves in these Polish dairy 270 
herds were exposed to pathogens during pregnancy; 15% had pathogen-specific antibodies 271 
and 9% had pathogenic antigens detected (some had both). Unlike many routine diagnostic 272 
laboratory-based studies of infections in bovine fetuses, where data from aborted and stillborn 273 
fetuses are combined, [e.g. 14, 18-20], in the present study aborted fetuses were excluded, 274 
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hence the prevalence of antibodies and pathogenic antigens was lower.  For example, a Dutch 275 
study detected pathogenic antigens in 28% of aborted and stillborn fetuses [14]; three-times 276 
higher than the prevalence in the present study. Where aborted and stillborn fetus data are 277 
disaggregated, within the same study, detection of pathogenic antigens is always significantly 278 
lower in stillborn calves. For example, at the lower end, a Canadian study diagnosed an 279 
infectious cause of death in 16% of aborted and in only 3% of stillborn fetuses [12] while at 280 
the higher end, a Finnish study detected significant bacterial isolates in 26 and 10% of aborted 281 
fetuses and stillborn calves, respectively [11]. The results from the present study (9% antigen 282 
detection) are within this range (2-10%). These findings indicate that at term non-infectious 283 
causes of death, e.g. dystocia and asphyxia, are more important than infectious causes of 284 
death. 285 
The results presented indicate that infection causes stillbirth in a minority of cases, compared 286 
to aborted fetuses. Specifically, excluding co-mortality, it is estimated that 10% of calves 287 
(12/121), approximately half of all infected calves (12/26), died due to infection. This 288 
incidence is within the range described in the literature [8] suggesting that infection causes a 289 
similar proportion of stillbirths in Polish calves as internationally. Even one cannot assume all 290 
detected infections are a cause of PM, the significantly shortened gestation (by 5 days, after 291 
excluding multiple pregnancies) of infected calves indicates that infection probably 292 
detrimentally affected fetal maturity and viability at calving. The negative effect of infection 293 
on gestation length is supported by the similar gestation length of uninfected PM cases with C 294 
calves, in which no infection was diagnosed.  295 
There was a similar distribution of difficult calving (which is considered the most important 296 
cause of PM [8]) amongst calves with and without detected infections suggesting no 297 
interaction between degree of calving assistance and fetal infection. 298 
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In this study 15% of stillborn calves had pathogen-specific antibodies. The synepiteliochorial 299 
bovine placenta prevents the passage immunoglobulins from dam to fetus [27]. Although 300 
some studies [28, 29] suggested possible leakage of maternal antibodies to the fetus, the 301 
possibility of endogenous fetal antibody production could not be ruled out. Hence, the 302 
antibodies detected in the stillborn calves are likely to have originated from the fetus; the fetus 303 
can produce IgM and IgG antibody by the second trimester [30].  304 
In the present study, the detection of a humoral immune response was more frequent (15%) 305 
than direct evidence (9%) of pathogen infection. This apparent discordance could be due to 306 
the time lapse between infection and fetal death, sample collection issues or limitations of the 307 
diagnostic methods, which are not as sensitive for autolytic samples. The ability to mount an 308 
immune response can determine the outcome of infection of the fetus [31]. In the absence of 309 
defence mechanisms and/or a highly virulent pathogen, intrauterine infection may result in 310 
abortion. The presence of antigens without an antibody response is an indicator of infection, 311 
either very early in pregnancy (before fetal immunocompetence), or later in pregnancy when 312 
the infection kills the fetus before it seroconverts. The detection of pathogens at term, which 313 
infect the fetus early in gestation, requires that the agent or its genetic material persists in the 314 
fetus, which is not always the case. Therefore, the detection rate and the role of infectious 315 
agents in the aetiology of PM maybe artificially low and underestimated, respectively. 316 
Bacterial infections are not common in PM calves. Murray et al. [32] reported a similar 317 
frequency of stomach content positive cultures (for B. licheniformis), (2%) in stillborn calves 318 
to that in the present study (<2%).. Similarly, Agerholm et al. [33] found a very low incidence 319 
of bacterial infection (Bacillus licheniformis) in stillborn calves (0.8%). A higher percentage 320 
of culture positives was recorded in a Finnish study [11] where a significant bacterial isolation 321 
was made in 10% of calves which died within 24 hours of birth. 322 
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In the present study pure growth of pathogenic bacteria was detected in less than 2% of PM 323 
calves. In one case, E. coli was isolated. This is one of the most common bacteria isolated 324 
from PM and aborted calves [11, 34]. In another case Enterococcus faecalis was isolated. This 325 
is an opportunistic pathogen detected as a secondary infection in a case where N. caninum 326 
was diagnosed. One possible source of this pathogen could be an ascending infection in the 327 
reproductive tract. The poor correlation between isolation of bacteria from abomasal samples 328 
and internal organs detected here suggests that the former samples may not be representative 329 
of systemic organ infection. Abomasal samples are routinely used in veterinary diagnostic 330 
laboratories to detect bacteria in aborted and stillborn calves. However, the number of culture-331 
positive calves was small in this study, limiting firm conclusions in this regard.   332 
The detection of low titers to Leptospira sp. (1:100-1:200) does not exclude the involvement 333 
of these bacteria in PM. Calves experimentally infected during pregnancy with Leptospira 334 
serovar hardjo which had different outcomes (apparently viable, weak, dead) varied in the 335 
extent of their immune response (microagglutination titers from undetectable to 1:30 000 in 336 
precolostral sera) [35]. However, the absence of Leptospira spp. genetic material in real time 337 
PCR excludes the likelihood of extensive infection in the present study. The incidence of 338 
leptospiral infection in PM calves (3.3%) was much lower than that reported in Northern 339 
Ireland (15-26%) [9, 10]. The lower infection rate in those studies was associated with 340 
increased use of vaccines against leptospirosis, but in the present study leptospira vaccines 341 
were not used in any of the herds.   342 
In this study, BoHV-1 was not detected (directly or indirectly). This may be because BoHV-1 343 
infection is uncommon in PM calves in Poland (there are no published studies with which to 344 
compare). While the presence of infection cannot be excluded,IBR virus was not detected in 345 
the liver, as reported by Smith et al. [17], where the virus was isolated in many tissues (i.e. 346 
spleen, lung, brain, ileum) of PM calves, but not in the liver. The absence of antibody to 347 
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BoHV-1 in the present study calves may be because this virus acts immunosuppressively, as 348 
in foetuses whose dams were experimentally infected, which mounted no antibody response 349 
although virus was detected in all organs (lungs, liver, spleen, kidneys, intestine, mesenteric 350 
lymph nodes) [36]. It may be the same as with BoHV-4 infection in bovine foetuses that can 351 
be infected in utero, but are born seronegative [37]. Additionally, as in almost 30% of herds in 352 
the present study cows were vaccinated against BoHV-1, this could partly explain the failure 353 
to detect BoHV-1. It has been shown that BoHV-1 challenge of vaccinated cows resulted in 354 
the birth of normal calves in which BoHV-1 virus was not isolated [17]. Thus, it is the most 355 
probable that IBR infection in PM calves was not present in these Polish dairy herds.  356 
SBV was first detected in cattle in Poland in 2012 [39] and the virus spread very efficiently in 357 
the ruminant population with a ten-fold increase in seroprevalence in 2013 [40]. SBV 358 
antibodies were detected in three herds in the present study where 5 of the 24 PM calves 359 
tested were Ab-positive (21%) and none of the eight C calves from these herds was Ab-360 
positive; in total 4.1% of stillborn calves from 29 herds were seropositive. Given these low 361 
herd- and animal-level seroprevalences no clinical significance can be attributed to the 362 
presence or absence of antibodies in stillborn or live born calves. The presence of SBV 363 
antibodies in calves in the present study without gross malformations (AHS - arthrogryposis, 364 
hydranencephaly syndrome) suggests infection occurred after 47 days of gestation when the 365 
foetus was immunocompetent [38]. Most fetuses infected after immunocompetence are born 366 
alive and seropositive but without lesions indicative of SBV infection [38]. Thus, in the 367 
present study the foetuses were exposed to SBV, mounted an immune response, but died due 368 
to non-SBV causes and showed none of the pathognomonic pathological lesions of the AHS. 369 
These findings are not surprising in a country with endemic seroprevalence to SBV.  370 
N. caninum was the most commonly detected pathogen in these PM calves. The percentage of 371 
PM calves with a positive humoral response (4.1%) was similar to that reported by Graham et 372 
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al. [41], where 5.5 % of PM or weak calves had an antibody titre ≥1/320 to N. caninum. The 373 
timing of foetal infection with N. caninum determines the outcome of the pregnancy. The 374 
occurrence of cell destruction, and therefore disease, depends upon the balance between 375 
tachyzoites being able to penetrate and multiply in host cells and the ability of the host to 376 
inhibit parasite multiplication [42]. Infection in late pregnancy allows the fetus to suppress 377 
infection and pregnancy ends in time for clinically normal calves to be born. The highest rate 378 
of detection the N. caninum is in the brain. This may be because the parasite has a predilection 379 
for the central nervous system [42]. The size of the cysts observed in the present study 380 
correspond to N. caninum cysts observed in other studies [43] and the wall thickness excludes 381 
Toxoplasma gondii cysts which have a thinner  wall (<0.5µm) [44]. In the present study, each 382 
brain sample from each individual calf was dissected in five slabs and was thoroughly 383 
examined. This probably enabled a high detection rate. However, all the initial real time PCR 384 
Neospora results were negative, possibly because only a small amount of tissue (10 mg) was 385 
examined. In the second run, when all the positive samples in either serology or 386 
histopathology were retested using four separate samples from each brain, one positive case 387 
was detected. This implies that the infection rate was low and could have been underestimated 388 
if only a single run molecular test protocol was adopted. In the experimental study by Innes et 389 
al. [45], N. caninum DNA were detected in the brain of most calves after infection of naive 390 
cows during mid-gestation, however, DNA extraction was performed on 1 g of tissue.  391 
In the present study, BVDV antibody was detected in 3.3% of PM calves, which indicates that 392 
infection occurred in the later stage of pregnancy, after 125 days of gestation [46]. The 393 
presence of seropositive calves is indirect evidence of virus exposure in the herd, so infection 394 
of BVDV could be present in other calves from the same herd in earlier stages in pregnancy 395 
leading to persistently infected (PI) calves, but none of the PM calves were PI. The percentage 396 
of PI in newborn calves is low internationally. For example, for every eight seropositive pre-397 
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colostral calves on commercial dairy farms in the USA, one PI was born [47]. So one cannot 398 
exclude the possibility that if more PM calves had been tested, PI calves would have been 399 
detected as in the study by Smith et al. [9] where BVDV antigen was detected in 0.7% of PM 400 
calves. 401 
In four calves (3.3%) coinfections with different pathogens were detected. Dual infection in a 402 
single calf is not unexpected [9, 41], but reports of multiple PM calves with coinfections are 403 
uncommon. Diagnosis of multiple infections in PM cases, after excluding opportunistic 404 
agents, suggests a high environmental infectious challenge in these herds; specifically, with N. 405 
caninum which was the coinfection in three of the four coinfected calves. 406 
One of the limitations of studies such as this is that the type of infection and the prevalence of 407 
pathogens may be herd- and country-specific. Hence, one cannot cite data on infection rates 408 
and types in the international literature without reference to the country in which the data 409 
were collected. Thus, in countries free from specific infections, e.g. Brucella abortus (Poland, 410 
Republic of Ireland), Bovine Herpes Virus-I (Sweden, Finland) or pathogenic Leptospira spp. 411 
(Sweden) [3, 11], those infectious agents will not be detected in PM calves. This does not 412 
reduce the importance of reporting the findings, but merely highlights the need to take 413 
cognizance of potential geographical factors.  414 
Another limitation of such studies is the variation in sampling protocols. In this study, where 415 
all calves were tested, irrespective of gross pathology, the most commonly detected pathogen 416 
was N. caninum. However, in a Danish study where only tissues with macroscopic 417 
pathological lesions were sampled the most common infection in PM calves was BVD virus 418 
[33]. These protocol differences may account for a lower infection detection rate in studies 419 
where selective sampling is implemented and a relatively higher detection rate in the present 420 
study. In future, immune and inflammatory biomarkers may be used to diagnose bovine fetal 421 
infections [48]. 422 
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 423 
5. Conclusions 424 
While one fifth of PM calves were infected in utero, detection of a humoral response was 425 
almost twice as common as detection of a pathogen. However, infection contributed to the 426 
cause of death in only 10% of stillborn calves.  These findings indicate that while fetal 427 
exposure to pathogens is not uncommon during bovine pregnancy, infection at term is 428 
uncommon and infection causing stillbirth is even less common. Given that the prevalence 429 
and types of infection in PM calves may be country- and herd-specific, extrapolation of any 430 
pathogen-specific results beyond the environment in which they were detected should be 431 
made with caution. Notwithstanding this caveat, the findings generated in this study from a 432 
detailed sampling protocol for multiple causative agents in all calves indicate that infection 433 
rates in PM cases may be underestimated in published studies. In Polish herds the most 434 
common infections in PM calves, in descending order, were parasitic, viral and bacterial. 435 
 436 
Acknowledgements 437 
This work was supported by The National Centre for Research and Development [projects 438 
NCBR no PBS2/A8/20/2013 and PBS2/A8/24/2013]. 439 
References 440 
 441 
[1] Bicalho RC, Galvão KN, Cheong SH, Gilbert RO, Warnick LD, Guard CL. Effect of 442 
stillbirths on dam survival and reproduction performance in Holstein dairy cows. J 443 
Dairy Sci 2007;90:2797-803. 444 
[2] Bicalho RC, Galvão KN, Warnick LD, Guard CL. Stillbirth parturition reduces milk 445 
production in Holstein cows. Prev Vet Med 2008;84:112-20.  446 
[3] Berglund B, Steinbock L, Elvander M. Causes of Stillbirth and Time of Death in 447 
Swedish Holstein Calves Examined Post Mortem. Acta Vet Scand 2003;44:111–20. 448 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
20 
 
[4] Mee JF, Sanchez-Miguel C, Doherty M. Influence of modifiable risk factors on the 449 
incidence of stillbirth/perinatal mortality in dairy cattle. Vet J 2014;199:19-23. 450 
[5] Piwczyński D, Nogalski Z, Sitkowska B. Statistical modeling of calving ease and 451 
stillbirths in dairy cattle using the classification tree technique. Livest Sci 452 
2013;154:19-27. 453 
[6] Chassagne M, Barnouin J, Chacornac JP. Risk Factors for Stillbirth in Holstein 454 
Heifers under Field Conditions in France: a Prospective Survey. Theriogenology 455 
1999;51:1477-88. 456 
[7] López Helguera I, Behrouzi A, Kastelic JP, Colazo MG. Risk factors associated with 457 
dystocia in a tie stall dairy herd. Can J Anim Sci 2016;96:135-42.   458 
[8] Mee JF. Why do so many calves die on modern dairy farms and what can we do about 459 
calf welfare in the future? Animals 2013;3:1036-57. 460 
[9] Smyth JA, McNamee PT, Kennedy DG, McCullough SJ, Logan EF, Ellis WA. 461 
Stillbirth/perinatal weak calf syndrome: preliminary pathological, microbiological and 462 
biochemical findings. Vet Rec 1992;130:237-40. 463 
[10] Smyth JA, Fitzpatrick DA, Ellis WA. Stillbirth/perinatal weak calf syndrome: a study 464 
of calves infected with Leptospira. Vet Rec 1999;145:539-42. 465 
[11] Syrjala P, Anttila M, Dillard K, Fossi M, Collin K, Nylund M, Autio T. Causes of 466 
bovine abortion, stillbirth and neonatal death in Finland 1999–2006. Acta Vet Scand 467 
2007;49(Suppl I):S3. 468 
[12] Waldner CL, Kennedy RI, Rosengren LB, Pollock CM, Clark ET. Gross postmortem 469 
and histologic examination findings from abortion losses and calf mortalities in western 470 
Canadian beef herds. Can Vet J 2010;51:1227-38. 471 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
21 
 
[13] Jawor P, Stefaniak T, Sołtysiak Z, Dzimira S, Bednarski M. Salmonella Enterica 472 
Serovar Stanley intrauterine Infection as a cause of brain injury in stillborn calf-case 473 
report. Acta Vet Brno 2013;82:363–67. 474 
[14] Muskens J, Wouda W, von Bannisseht-Wijsmuller T, van Maanen C. Prevalence of 475 
Coxiella burnetii infections in aborted fetuses and stillborn calves. Vet Rec 476 
2012;170:260.  477 
[15] Mickelsen WD, Evermann JF. In utero infections responsible for abortion, stillbirth, 478 
and birth of weak calves in beef cows. Vet Clin North Am Food Anim Pract 1994;10:1-479 
14. 480 
[16] Bayrou C, Garigliany MM, Sarlet M, Sartelet A, Cassart D, Desmecht DNatural 481 
Intrauterine Infection with Schmallenberg Virus in Malformed Newborn Calves. Emerg 482 
Infect Dis 2014;20:1327-30.   483 
[17] Smith MW, Miller RB, Svoboda I, Lawson KF. Efficacy of an intranasal infectious 484 
bovine rhinotracheitis vaccine for the prevention of abortion in cattle. Can Vet J 485 
1978;19:63–71. 486 
[18] Kirkbride CA. Viral agents and associated lesions detected in a l0-year study of bovine 487 
abortions and stillbirths. J Vet Diagn Invest 1992;4:374-9. 488 
[19] Sawyer M, Osburn BI, Knight HD, Kendrick JW. A quantitative serologic assay for 489 
diagnosing congenital infections of cattle. Am J Vet Res 1973;34:1281-4. 490 
[20] Graham DA, Beggs N, Mawhinney K, Calvert V, Cunningham B, Rowan-Layberry L 491 
et al. Comparative evaluation of diagnostic techniques for bovine viral diarrhoea virus 492 
in aborted and stillborn fetuses. Vet Rec 2009;164:56-8. 493 
[21] Instruction of the Polish Chief Veterinary Officer 2003. GIWzVII.420/lab-10/2003 494 
33/2003, 25.06.2003. 495 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
22 
 
[22] Commission Decision of 5 August 2009 amending Decision 2003/467/EC as regards 496 
the declaration that certain Member States and regions thereof are officially free of 497 
bovine brucellosis (2009/600/EC), 2009. 498 
[23] Hoffmann B, Scheuch M, Hoper D, Jungblut R, Holsteg M, Schirrmeier H et al. Novel 499 
orthobunyavirus in cattle, Europe, 2011. Emerg Infect Dis 2012;18:469–72. 500 
[24] Stoddard RA, Gee JE, Wilkins PP, McCaustland K, Hoffmaster AR. Detection of 501 
pathogenic Leptospira spp. through TaqMan polymerase chain reaction targeting the 502 
LipL32 gene. Diagn Microbiol Infect Dis 2009;64:247-55.  503 
[25] Pereira GR, Vogel FS, Bohrer RC, da Nóbrega JE Jr, Ilha GF, da Rosa PR et al. 504 
Neospora caninum DNA detection by TaqMan real-time PCR assay in experimentally 505 
infected pregnant heifers. Vet Parasitol 2014;199:129-35.  506 
[26] Mee JF, Sanchez-Miguel C, Doherty M. An international Delphi study of the causes of 507 
death and the criteria used to assign causes of death in bovine perinatal mortality. 508 
Reprod Dom Anim 2013;48:651-9. 509 
[27] Ohmann HB. Immunoglobulin levels in non-aborted and aborted fetuses from Danish 510 
herds of cattle. Acta Vet Scand 1981;22:428-34. 511 
[28] Bosch JC, van Lieshout JA, de Wit JJ, Graat EA, Somers MJ. The serological BHV1 512 
status of dams determines the precolostral status of their calves. Vet Q 2000;22:99-102. 513 
[29] Gabriël S, Geldhof P, Phiri IK, Cornillie P, Goddeeris BM, Vercruysse J. Placental 514 
transfer of immunoglobulins in cattle infected with Schistosoma mattheei. Vet Immunol 515 
Immunopathol. 2005;104:265-72. 516 
[30] Ellis WA, Logan EF, O’Brien JJ. Serum immunoglobulins in aborted and non-aborted 517 
bovine foetuses. Clin Exp Immunol 1978;33:136-41.  518 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
23 
 
[31] Stefaniak T, Chełmońska-Soyta A, Bajzert J. Jawor P, Rząsa A, Sitnik O. Prenatal and 519 
postnatal development of immune system in ruminants. Med Weter 2012;68:534-9 520 
(article in polish). 521 
[32] Murray RD, Williams AJ, Sheldon IM. Field Investigation of Perinatal Mortality in 522 
Friesian Cattle Associated with Myocardial Degeneration and Necrosis. Reprod Dom 523 
Anim 2008;43:339-45. 524 
[33] Agerholm JS, Basse A, Krogh HV, Christensen K, Rønsholt L. Abortion and calf 525 
mortality in Danish cattle herds. Acta Vet Scand 1993;34:371-7. 526 
[34] Kirkbride CA. Bacterial agents detected in a 10-year study of bovine abortions and 527 
stillbirths. J Vet Diagn Invest 1992;4:175-80. 528 
[35] Ellis WA, O'Brien JJ, Neill SD, Bryson DG. Bovine leptospirosis: experimental 529 
serovar hardjo infection. Vet Microbiol 1986;11:293-9. 530 
[36] Pospísil Z1, Krejcí J, Machatková M, Zendulková D, Lány P, Cíhal P. The efficacy of 531 
an inactivated IBR vaccine in the prevention of intra-uterine infection and its use in a 532 
disease-control programme. Zentralbl Veterinarmed B 1996;43:15-21. 533 
[37] Egyed L, Sassi G, Tibold J, Mádl I, Szenci O. Symptomless intrauterine transmission 534 
of bovine herpesvirus 4 to bovine fetuses. Microb Pathog 2011;50:322-5.  535 
[38] Wernike K, Holsteg M, Schirrmeier H, Hoffmann B, Beer M. Natural Infection of 536 
Pregnant Cows with Schmallenberg Virus – A Follow-Up Study. PLoS One 2014;9: 537 
e98223. 538 
[39] Larska   M.,   Polak   MP,   Grochowska   M,   Lechowski   L, Związek  JS,  539 
Żmudziński  JF. First  report  of  Schmallenberg virus  infection  in  cattle  and  midges  540 
in  Poland.  Transbound Emerg Dis 2013;6:97–101. 541 
[40] Larska M, Kesik-Maliszewska J, Kuta A. Spread of Schmallenberg virus infections in 542 
the ruminants in Poland between 2012 and 2013. Bull Vet Inst Pulawy 2014;58:169-76.  543 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
24 
 
[41] Graham DA, Smyth JA, McLaren IE, Ellis WA. Stillbirth/perinatal weak calf 544 
syndrome: serological examination for evidence of Neospora caninum infection. Vet 545 
Rec 1996;139:523-4. 546 
[42] Buxton D, McAllister AM, Dubey JP. The comparative pathogenesis of neosporosis. 547 
Trends Parasitol 2002;18:546-52. 548 
[43] Kobayashi Y, Yamada M, Omata Y, Koyama T, Saito A, Matsuda T, et al. Naturally-549 
occurring Neospora caninum infection in an adult sheep and her twin fetuses. J Parasitol 550 
2001;87:434-6. 551 
[44] Dubey JP, Barr BC, Barta JR, Bjerkås I, Björkman C, Blagburn BL, et al. 552 
Redescription of Neospora caninum and its differentiation from related coccidia. Int J 553 
Parasitol 2002;32:929-46. 554 
[45] Innes EA, Wright SE, Maley S, Rae A, Schock A, Kirvar E, et al. Protection against 555 
vertical transmission in bovine neosporosis. Int J Parasitol 2001;31:1523-34. 556 
[46] Grooms DL. Reproductive consequences of infection with bovine viral diarrhea virus. 557 
Vet Clin North Am Food Anim Pract 2004;20:5-19.  558 
[47] Schefers J, Munoz-Zanzi C, Collins JE, Goyal SM, Ames TR. Serological evaluation 559 
of precolostral serum samples to detect Bovine viral diarrhea virus infections in large 560 
commercial dairy herds. J Vet Diagn Invest 2008;20:625-8. 561 
[48] Jawor P, Stefaniak T, Mee JF. Immune and inflammatory biomarkers in cases of 562 
bovine perinatal mortality with and without infection in utero. J Dairy Sci 563 
2017;100:1408-16. 564 
  565 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
25 
 
Table 1.  Bacterial, parasitic and viral pathogens detected in 121 cases of perinatal mortality 566 
from 29 Polish dairy herds. 567 
Table 2. The degree of calving assistance in PM calves with (n=26) and without (n=95) 568 
diagnosed infection (antibody and/or antigen) in utero. 569 
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Table 1. Bacterial, parasitic and viral pathogens detected in 121 cases of perinatal mortality 571 
from 29 Polish dairy herds. 572 
Pathogen 
type 
Pathogen 
 
Detection 
method 
 
n/N* Positive Cumulative 
infection  
n (%) Calves % 
(titer) 
Herd   
Code No. 
 
 
 
 
 
Bacterium 
Escherichia 
coli 
Culture 1/121 0.8 14  
 
 
 
6 (5.0) 
Enterococcus 
faecalis 
Culture 1/121 0.8 101) 
Leptospira sp. Real time PCR 
(kidney) 
0/120 0 - 
Leptospira 
hardjo 
MAT 4/121 
 
 
2.5 
(n=3; 1:100) 
0.8 
(n=1; 1:400) 
6,3,16,72), 
Leptospira 
pomona 
MAT 1/121 0.8 
(1:200) 
72) 
 
 
Parasite 
 
 
Neospora 
caninum 
 
Brain 
histopathology 
9/119 7.6 8, 7, 7, 4, 101), 
11, 123), 16, 
234) 
 
 
 
14 (11.6) Real time PCR 
(brain) 
1/120 0.8 1† 
Ab ELISA 5/121 4.1 1†, 4, 4, 7, 21, 
 
 
 
 
Virus 
BVDV Ag ELISA 
(ear) (121) 
0/121 0 -  
 
 
 
 
9 (7.4) 
 
 
Ab ELISA 4/121 3.3 7, 12, 18, 234) 
BoHV-1 Real time PCR 
(liver) 
0/120 0 - 
Ab ELISA 0/121 0 - 
SBV Real-time RT-
PCR (brain) 
0/120 0 - 
Ab ELISA 
 
5/121 4.1 
 
3, 123),12, 
13,13, 
*number of positive calves to the number of all calves tested; MAT- microscopic 573 
agglutination test, Ab-antibody, BVDV- Bovine viral diarrhea virus, BoHV-1 Bovine 574 
herpesvirus 1, SBV- Schmallenberg virus 575 
1-4) four calves with coinfection; the same superscript in different rows indicates the different 576 
coinfections present in the same calf, e.g. calf1 was coinfected with E. faecalis and N. 577 
caninum.  578 
†infection by N. caninum was diagnosed in the same calf by different methods (this is not 579 
coinfection) 580 
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Table 2.  The degree of calving assistance in PM calves with (n=26) and without (n=95) 582 
diagnosed infection (antibody and/or antigen) in utero. 583 
Degree of calving assistance Calves with diagnosed infection (%) 
Calves without 
diagnosed infection 
(%) 
Unobserved 11.5 4.2 
Observed, not assisted 0 3.2 
Assisted without calving jack 34.6 14.7 
Assisted with calving jack 15.4 30.5 
Difficult calving without calving jack 7.7 8.4 
Difficult calving with calving jack 30.8 35.8 
Caesarean section 0 3.2 
 584 
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• Exposure to pathogens during pregnancy as detected  in approximately 21% of 
perinatal mortality calves  
• A humoral immune response was detected approximately twice as frequently as direct 
evidence of pathogen infection.  
• Gestation length of infected singletons was significantly shorter than that of uninfected 
singletons. 
• The most common infections in perinatal mortality calves, in descending order, were 
parasitical, viral and bacterial. 
 
 
